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(54) Biosensor 

(57) The present invention provides a biosensor 
which enables prompt quantification by facilitating intro- 
duction of a sannple solution even when the amount of 
the sample solution is small and improving dissolution 
of reagents. The biosensor comprises an insulating 
base plate; an electrode system including at least a 
measuring electrode and a counter electrode formed on 
the base plate; a cover member integrated into the base 
plate to fornn a sample solution supply pathway for sup- 
plying a sample solution to the electrode system be- 
tween the cover member and the base plate; a reaction 
reagent system including at least an electron mediator 
and an oxidoreductase; and a carrier supporting at least 
the electron mediator or the oxidoreductase of the reac- 
tion reagent system, wherein the carrier is partially or 
wholly disposed outside the sample solution supply 
pathway. 
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Descri|ition 

BACKGROUND OF THE INVENTION 

[0001] The present Invention relates to a biosensor fa- 
cilitating rapid and highly accurate quantification of a 
measuring subject (a subject to be nneasured) contained 
in a sample In a simplified manner. 
[0002] A biosensor has conventionally been pro- 
posed In the Japanese Laid-Open Patent Publication 
Hel 2-062952 as a system for simplified quantification 
of a specific component in a sample without diluting or 
stirring a sample solution. 

[0003] This biosensor is produced by first fonning an 
electrode system comprising a measuring electrode, a 
counter electrode and a reference electrode on an elec- 
trically insulating base plate by using a screen printing 
method or the like, and then fomriing an enzyme reaction 
layer comprising a hydrophilic polymer, an oxidoreduct- 
ase and an electron mediator. If occasion demands, a 
buffer Is added to this enzyme reaction layer. 
[0004] When a sample solution containing a substrate 
is dropped on the enzyme reaction layer of the biosen- 
sor thus fonned, dissolution of the enzyme reaction lay- 
er takes place, which in turn triggers a reaction between 
the enzyme and the substrate, causing reduction of the 
electron mediator. Upon completion of the enzyme re- 
action, the reduced electron mediator is oxidized elec- 
trochemically. The concentration of the substrate in the 
sample solution can be detemnlned from the oxidation 
current value measured In this oxidizing step. 
[0005] This biosensor can be used theoretically for 
measurements of various materials if an appropriate en- 
zyme for each of the materials as the substrate is se- 
lected. For example, the use of glucose oxidase as the 
oxidoreductase can realize a biosensor for measure- 
ment of blood glucose level. This sensor is widely ap- 
plied practically as a glucose sensor The use of choles- 
terol oxidase as the oxidoreductase can realize a bio- 
sensor for measurement of serum cholesterol. 
[0006] Serum cholesterol level which serves as the di- 
agnostic standard is the sum of serum cholesterol and 
cholesterol ester concentrations. Since cholesterol es- 
ter cannot serve as a substrate for oxidation by choles- 
terol oxidase, an additional step of converting choles- 
terol ester Into cholesterol becomes necessary in order 
to determine serum cholesterol concentrations as the 
diagnostic standard. Cholesterol esterase is known as 
an enzyme for catalyzing this process. 
[0007] Inclusion of this cholesterol esterase together 
with cholesterol oxidase In the enzyme reaction layer 
can realize a biosensor for measurement of the total 
Choi sterol concentration in serum. 
[0008] In the bios nsor having such constitution, the 
enzyme reaction layer is formed by dropping an aque- 
ous reagent solution containing at I ast an oxidoreduct- 
as onto the electrode system and drying the dropped 
solution. Such biosensor has a problem, when the 



amount of reagents is large, that the reaction layer is not 
dissolved quickly after dropping of the sample solution 
thereonto so that the measurement takes a long time. 
[0009] Particularly in the cholesterol sensor, two kinds 

5 of enzymes, cholesterol oxidase and cholesterol este- 
rase, must be contained in the enzyme reaction layer, 
as described previously. Therefore, the enzyme reac- 
tion layer contains a considerably large amount of rea- 
gents, so that dissolution of this layer takes a significant- 

10 ly long time after dropping of the sample solution, which 
makes It impossible to make rapid measurement. 
[0010] In order to solve the above-mentioned prob- 
lem, a biosensor has been proposed In Japanese Lald- 
Open Patent Publication 2000-039416. The biosensor 

15 comprises an insulating base plate, an electrode system 
including at least a measuring electrode and a counter 
electrode formed on the base plate, a cover member 
which Is Integrated into the base plate and fomris a sam- 
ple solution supply pathway for supplying a sample so- 

20 lution to the electrode system between the cover mem- 
ber and the base plate, and a carrier comprising a fib r 
for supporting reagents containing at least an oxidor - 
ductase, wherein the carrier Is disposed In the sample 
solution supply pathway. 

25 [0011] Also, this biosensor according to another em- 
bodiment comprises an insulating base plate, an elec- 
trode system including at least a measuring electrod 
and a counter electrode fomned on the base plate, and 
a carrier comprising a fiber for supporting reagents con- 

30 taining at least an oxidoreductase, wherein the carrier 
is fixed with an adhesive In the vk^inlty of the electrode 
system. 

[0012] In this biosensor, however, the height of the 
sample solution supply pathway is required to be at least 

35 equal to orgreaterthan the thickness of the carrier, since 
the carrier Is disposed In the sample solution supply 
pathway. Moreover, the biosensor actually has a struc- 
ture that the cannier and the electrode system are dis- 
posed to face each other, thereby requiring a certain 

40 space between the electrode system and the surface of 
the carrier In order to prevent the contact between them. 
Thus, the height of the sample solution supply pathway 
is required to be further greater. 
[0013] For these reasons, when the carrier is dis- 

45 posed in the sample solution supply pathway, the bio- 
sensor requires a sample solution In a relatively large 
amount In order to fill the sample solution supply path- 
way with the sample solution. The amount is determined 
by multiplying the carrier volume calculated from the ex- 

50 ternal dimensions thereof by the porosity of the carrier 
to obtain a product and by adding to the product the 
above-mentioned space between the electrode system 
and th surface of the cannier. 

[0014] M anwhile, it is more preferable that the po- 
55 rosity of the carrier is higher in order to improve disso- 
lution of the reagents. 

[0015] From such characteristics as described, the 
above-described biosensor tends to need a larger 



2 



3 



EP1 118 675 A2 



4 



amount of the sample solution for the measurement 
than the biosensor without a carrier. 
[0016] Also, especially when the sample solution is 
blood and the biosensor is provided with a function of 
filtering blood corpuscle components with a porous ma- 
terial such as a filter paper, the porous material for fil- 
tering the blood corpuscle components has sometimes 
made it difficult for the filtered sample solution to Invade 
into the sample solution supply pathway, since the car- 
rier is disposed in the sample solution supply pathway. 

BRIEF SUMMARY OF THE INVENTION 

[0017] In view of the above problems, an aspect of the 
present invention is to provide a biosensor in which dis- 
solution of reagents Is improved to enable prompt quan- 
tification and reduction of the amount of a sample solu- 
tion. Further, another aspect of the present invention Is 
to provide a biosensor in which the sample solution can 
be introduced readily. 

[0018] A biosensor in accordance with the present in- 
vention comprises an electrically insulating base plate; 
an electrode system including at least a measuring elec- 
trode and a counter electrode formed on the base plate; 
a cover member, which is integrated into the base plate 
and forms a sample solution supply pathway for supply- 
ing a sample solution to the electrode system between 
the cover member and the base plate; a reaction rea- 
gent system including at least an electron mediator and 
an oxidoreductase; and a carrier supporting at least the 
electron mediator or the oxidoreductase of the reaction 
reagent system, wherein the carrier is partially or wholly 
disposed outside the sample solution supply pathway. 
[0019] In the biosensor in accordance with the 
present Invention, it is effective that the carrier has a re- 
gion supporting at least the electron mediator or the ox- 
idoreductase disposed closer to the electrode system 
than a region supporting none of the reaction reagent 
system. 

[0020] Also, it is effective that the oxidoreductase is 
cholesterol oxidase. 

[0021] Further, it is preferable that the reaction rea- 
gent system contains an enzyme capable of hydrolyzing 
cholesterol ester. 

[0022] It is effective that the enzyme capable of hy- 
drolyzing cholesterol ester Is cholesterol esterase. 
[0023] Furthermore, it is preferable that the reaction 
reagent system contains a surfactant. 
[0024] It is effective that the carrier is porous and, fur- 
ther, that the carrier is fibrous or comprises a fiber. 
[0025] While the novel features of the invention are 
set forth particularly in the appended claims, the Inven- 
tion, both as to organization and cont nt, wili be better 
understood and appreciated, along with other objects 
and features thereof, from the following detail d de- 
scription taken in conjunction with the drawings. 



BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWINGS 

[0026] FIG. 1 Is an exploded perspective view of a bi- 
5 osensor in accordance with one example of the present 

invention. 

[0027] FIG. 2 is a perspective view of a cover member 
formed by integrating a cover and a spacer of the bio- 
sensor shown in FIG. 1 , being arranged upside down 

10 against the view of FIG. 1 . 

[0028] FIG. 3 is a longitudinal sectional view of the 
main parts of the biosensor shown in FIG. 1. 
[0029] FIG. 4 is a longitudinal sectional view of the 
main parts of a biosensor in accordance with another 

15 example of the present invention. 

[0030] FIG. 5 is a longitudinal sectional view of the 
main parts of a biosensor in accordance with still anoth- 
er example of the present Invention. 
[0031] FIG. 6 is a longitudinal sectional view of th 

^0 main parts of a biosensor in accordance with anoth r 
example of the present invention. 
[0032] FIG. 7 is a longitudinal sectional view of the 
main parts of a biosensor in accordance with still anoth- 
er example of the present invention. 

25 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0033] In the biosensor according to the present In- 

30 vention, a reagent including at least one of an electron 
mediator and an oxidoreductase is supported on a car- 
rier comprising a porous material. 
[0034] The reagent is supported on the earner in such 
a manner that it is adhered to the surface of the porous 

35 material constituting the carrier. Thus, the surface area 
of the reagent in contact with a sample solution be- 
comes larger, resulting in improvement of the dissolu- 
tion of the reagent into the sample solution. 
[0035] As the cannier, various ones may be used if it 

40 has a function of supporting the reagent and is inactive 
to the enzyme reaction and electrochemical reaction oc- 
curring In the biosensor. For example, a sheet made by 
laminating a cellulose fiber, a glass fiber or a polymeric 
compound fiber into a fleece or felt form is preferable. 

45 [0036] With regard to the layout of the carrier in the 
biosensor, various changes are possible. 
[0037] In one embodiment, the whole earner is dis- 
posed outside the sample solution supply pathway of 
the cover member while an end of the carrier is brought 

50 in contact with the tip end of the sample solution supply 
pathway. 

[0038] In another embodiment, a part of the carrier is 
Inserted in the sampi solution supply pathway of th 
cover member. 

55 [0039] As in these embodiments, by xposing at least 
a part of the carrier to outside of th sample solution 
supply pathway, permeation of the sample solution into 
the carrier is facilitated, thereby enabling prompt dlsso- 
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lution of the reagent supported on the carrier, 
[0040] Also, in the case of using a sample solution 
such as blood containing a solid component which may 
adversely influence the electrode reaction or the en- 
zyme reaction, at least a part of the carrier may be pro- 
vided with a region where the reagent is not supported, 
through which region the sample solution is introduced 
for pemrieation in order to filter the solid component. 
[0041 ] When the carrier is brought in contact with the 
sample solution supply pathway of the cover member, 
It is desirable that the carrier is adhered and secured to 
either a part of the cover member or a part of the insu- 
lating base plate having the electrode system formed 
thereon, or both thereof. 

[0042] As the adhesive, It is preferable to use one hav- 
ing such a high viscosity as to prevent pemneation Into 
the carrier under the environment of sensor production, 
one having a poor dissolution into water after adhesion, 
or one having an electrochemical inactivity in an aque- 
ous solution even if it is soluble in water. For example, 
it is preferable to use a woodworking adhesive such as 
the adhesive commercially available under the trade 
name of Cemedine C from Cemedlne Co., Ltd. 
[0043] As the oxidoreductase to be supported on the 
carrier, various compounds can be used. For example, 
glucose oxidase, lactate oxidase, cholesterol oxidase 
and the like are listed. 

[0044] When serum cholesterol level Is measured, 
cholesterol oxidase and an enzyme capable of hydro- 
lyzing cholesterol ester are used. As the enzyme capa- 
ble of hydrolyzing cholesterol ester, cholesterol este- 
rase, lipoprotein lipase and the like are listed. Partbu- 
larly, cholesterol esterase is advantageous since it can 
convert cholesterol ester into cholesterol quickly by us- 
ing a suitable surfactant. 

[0045] When the enzyme capable of hydrolyzing cho- 
lesterol ester is used, it is preferable that a surfactant 
having the effect of improving the activity of this enzyme 
is contained in the reagent, which is supported on the 
whole carrier or a part of the carrier, since the duration 
of time required for the enzyme reaction can be reduced. 
[0046] For example, as the surfactant for improving 
the activity of cholesterol esterase, It is possible to use 
an arbitrary choice of n*octyl-p-D-thioglucoside, poly- 
ethylene glycol monododecyl ether, sodium cholate, do- 
decyl-p-mattoside, sucrose monolaurate, sodium deox- 
ychoiate, sodium taurodeoxycholate. N,N-bis(3-D-glu- 
coneamidopropyl)choleamide, N,N-bis(3-D-gluconea- 
midopropyl)deoxycholeamlde, polyoxyethylene-p-t-oc- 
tyl phenyl ether (for example, TritonX-100 produced by 
SIGMA Co., Ltd) and the like. 

[0047] If the electrode system of the biosensor is 
fonmed by using an electrochemlcally stabi m tal such 
as platinum, the obtained oxidation current value is free 
from an error. However, since such metal Is expensive, 
the electrode system of a disposable sensor is prepared 
by fomning a silver electrode with a silver paste and the 
like and subsequently coating it with a carbon paste. 



[0048] However, when the surfactant is contained In 
the sample solution, the sample solution permeates be- 
tween carbon particles by the action of the surfactant. 
As a result, the activity of the carbon electrode may de- 

5 crease, and the sample solution comes in contact with 
the silver electrode. Thus, when a voltage is applied on 
a measuring electrode under such condition, the silver 
electrode causes an oxidation reaction to generate a 
cun-ent: so that a positive en^or may be included in the 

10 measured cun-ent value. 

[0049] For suppressing such a phenomenon, there is 
a method that the surface of the electrode system is 
coated with a hydrophillc polymer. This hydrophilic pol- 
ymer fonns a viscose layer even upon introduction of 

IS the sample solution , suppressing the contact of the sam- 
ple solution with the electrode. 

[0050] Examples of such hydrophilic polymer Include 
carboxymethylcellulose, polyvinylpyrrolidone, polyvinyl 
alcohol, ethylcellulose, hydroxypropylcellulose, gelatin, 
20 polyacryllc acid and salts thereof, starch and derlvativ s 
thereof: mateic anhydride and salts thereof , polyacryla- 
mlde, methacrylate resin, poly 2-hydroxyethyl methacr- 
ytate and the like. 

[0051 ] An enzyme such as an oxidoreductase or cho- 
25 lesterol esterase may be earned so as to cover th 
above-described hydrophiric polymer layer. In this cas , 
an electron nr^edlator is carried on the above-mention d 
carrier. 

[0052] It is preferable to further form an amphipathic 
30 substance layer so as to cover the above-mentioned 
layer over the electrode system, i.e., the hydrophilic pol- 
ymer layer or the enzyme layer covering the hydrophilic 
polymer layer. The amphipathic substance layer is 
formed by dropping a solution prepared by dissolving 
35 an amphipathic substance such as lecithin in an organic 
solvent and subsequently drying it. 
[0053] Although such amphipathk: substance layer is 
not necessary for the enzyme reaction and the electrode 
reaction, fomnation of this layer allows for smooth intro- 
40 duction of the sample solution. Preferable examples of 
such amphipathic substance include phospholipid such 
as lecithin. 

[0054] Further, a surfactant layer may be provided on 
the portion of the cover member facing the sample so- 

45 lution supply pathway or the surface of the electrode 
system. This layer allows the sample solution, which has 
completed to react or is reacting with the reaction rea- 
gent system contained in the earner, to smoothly per- 
meate the sample solution supply pathway, thereby to 

50 reach the electrode system. 

[0055] The surfactant used for such purpose is desir- 
ably selected from the above-listed surfactants for im- 
proving th activity of cholesterol sterase, but any sur- 
factant other than these may b us d if it does not dls- 

55 turb the r action system. 

[0056] When the surfactant lay r is provided, It is es- 
sential to fonn the above-mentioned hydrophilic poly- 
mer layer covering the surface of the electrode system. 
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In this case, the surfactant layer must be formed by dis- 
solving a surfactant In a solvent which does not dissolve 
the hydrophilic polymer layer to obtain a solution, drop- 
ping the solution prepared so as to cover the hydrophilic 
polymer layer, and subsequently drying it. 
[0057] As the electron mediator to be supported on 
the carrier, any water-soluble compound which can me- 
diate electron transfer between the enzyme and the 
electrode such as potassium ferrlcyanide: p-benzoqui- 
none, phenazine methosulfate or ferrocene derivative 
(oxidized fomn) may be used. 

[0058] As the measuring method of the oxidation cur- 
rent, a two-electrode system composed only of a meas- 
uring electrode and a counter electrode or a three-elec- 
trode system further comprising a reference electrode 
is applicable, and the three-electrode system can give 
more accurate measurement results. 
[0059] In the following, the present Invention will be 
described more specifically, referring to concrete exam- 
ples, although the present invention is not limited to 
these examples. FIG. 1 is an exploded perspective view 
of the biosensor according to one example of the 
present invention. 

[0060] As shown in FIG. 1 , numeral 1 represents an 
electrically insulating base plate made of polyethylene 
terephthalate, and leads 2 and 3 and the ground for an 
electrode system are formed on this base plate 1 by 
printing a silver paste using a screen printing method. 
On the base plate 1 . an electrically conductive carbon 
paste containing a resin binder is further printed to form 
the electrode system containing a measuring electrode 
4 and a counter electrode 5, and an electrically insulat- 
ing paste is printed to form an electrically insulating layer 
6. The measuring electrode 4 is connected to the lead 
2, and the counter electrode 5 is connected to the lead 
5, respectively. The electrically insulating layer 6 allows 
the areas of exposed portions of the measuring elec- 
trode 4 and the counter electrode 5 to be constant and 
covers the leads partially. 

[0061] The electrically insulating base place 1 with the 
electrode system formed thereon, a cover 9 having an 
air vent 11 , a spacer 8 and a carrier 13 supporting a re- 
agent are adhered under the positional relation as 
shown by the dotted chain lines in FIG. 1 to fomn a bio- 
sensor. 

[0062] In the biosensor having such constitution, a 
space constituting a sample solution supply pathway is 
fomned In a slit 12 of the spacer 8 between the base 
plate 1 and the cover 9. 

[0063] A sample solution is introduced Into the sensor 
from an open ing 1 0 forming a port of the sample solution 
supply pathway. In this example, the length from the 
op ning 1 0 to the edge of the air vent 1 1 , which is closer 
to the op ning, is 4.5 mm, the width of th slit 2.0 mm, 
and the depth of the slit 0.1 to 0.3 mm. 
[0064] These dimensions are provided in order to de- 
fine the dimensions of carriers which will be described 
below, but the dimensions of the carriers are not limited 



to those given abov . 

[0065] FIG. 2 is a perspective view of a cover member 
formed by laying the spacer 8 on top of the cover 9, 
which is arranged upside down against the view of FIG. 
5 1 . By combining this cover member with the base plate, 
the space constituting the sample solution supply path- 
way is formed. 

[0066] FIG. 3 is a longitudinal sectional view of the 
biosensor according to one example of the present in- 

10 vention. In the same manner as in FIG. 1 . the electrically 
insulating base plate 1 is provided with the electrode 
system, over which a hydrophilic polymer layer 7 is 
formed, an enzyme layer 18 comprising cholesterol ox- 
idase and cholesterol esterase Is further fonned so as 

IS to coat this hydrophilic polymer layer 7, and a surfactant 
layer 1 9 comprising Triton X-1 00 is further formed ther- 
eon. 

[0067] Furthermore, a lecithin layer 1 7 is disposed on 
the inner surface of the cover 9 constituting the sampi 
20 solution supply pathway, and the carrier 13 supporting 
a reagent is adhered to the cover 9 with an adhesh/e 14 
so as to come in contact with the sample solution supply 
port 10. 

[0068] FIG. 4 is a longitudinal sectional view of the 
25 biosensor according to another example of the present 
invention. In the same manner as in FIG. 3, the electri- 
cally insulating base plate 1 is provided with the elec- 
trode system, over which a hydrophilic polymer layer 7 
and a lecithin layer 17 are formed. Further, the earner 
50 13 supporting reagent is fixed with an adhesive 14 to 
the cover 9 from the vicinity of the sample solution sup- 
ply port 1 0 to outside of the sample solution supply path- 
way in such a manner that a part of the carrier is inserted 
into the sample solution supply pathway. 
35 [0069] FIGs. 5 to 7 are a longitudinal sectional view 
of a part of the biosensor according to another example 
of the present invention, with the omission of the elec- 
trode system, the hydrophilic polymer layer and the sur- 
factant layer. 

40 [0070] In the biosensor illustrated in FIG. 5, a part of 
the cannier 13 is fixed with an adhesive 14 to the inner 
surface of the cover constituting the sample solution 
supply pathway. The end of the earner 13 exposed to 
outside extends beyond the end of the insulating base 
plate at the sample solution supply port side . This stmc- 
ture allows the carrier to be supplied with a sample from 
the upper side (i.e., the cover side) or the lower side (I. 
e., the insulating base plate side). 
[0071] In the biosensor illustrated in FIG. 6, the end 

so of the insulating base plate at the sample solution supply 
port side extends beyond the end of the canier 13 ex- 
posed to outside, as opposed to the layout in FIG. 1. 
This structure allows th sample to be introduced and 
carried on the insulating bas plat , which Is advanta- 

55 geous when p rm ation of the sample such as blood 
into the carrier takes a r latlvely long time. 
[0072] In the biosensor illustrated in FIG. 7, the earner 
13 is secured by at least one or more protrusion(s) 15 
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formed on the insulating base plate 1 constituting the 
sannple solution supply pathway. This structure enables 
the carrier 1 3 to be secured without the use of an adhe- 
sive. Also, fomnatlon of at least one protrusion 15 In a 
sleeper-like shape makes it possible to prevent the phe- 
nomenon that the sample solution directly reaches the 
electrode system through only the periphery of the car- 
rier so that It does not dissolve the reagent supported 
on the carrier sufficiently. 

Example 1 

[0073] In this example, a biosensor having the consti- 
tution In FIG. 3 was manufactured as described below. 
[0074] First, on the electrode system on the base 
plate 1 in FIG. 1 , a 0.5 v\rt% aqueous solution of sodium 
salt of carboxymethylcellose (hereinafter referred to as 
" CMC ") which Is a hydrophilic polymer was dropped 
and dried in a hot air drier for 10 minutes at 50 •C to 
form a CMC layer 7. 

[0075] Subsequently, 2 of a mixed solution obtained 
by mixing 400 unlt/ml cholesterol oxidase (hereinafter 
referred to as ' ChOx ") and 2 kilo unit cholesterol este- 
rase (hereinafter referred to as " ChE ") was dropped to 
cover the CMC layer 7 to form an enzyme layer 1 8. 
[0076] Further, 1 |j.l of a 5.0% ethanol solution of Triton 
X-100 was dropped to cover the enzyme layer 18, and 
dried to form a surfactant layer 19. The surfactant layer 
19 was provided to facilitate the smooth dispersion of 
the sanrple solution throughout the electrode system, 
and TritonX-100 was used to Improve the activity of 
ChE. Furthemriore, a lecithin layer 17 was provided on 
the inner surface of the cover constituting a sample so- 
lution supply pathway. 

[0077] Also, a felt-form glass filter of 0.2 mm in thick- 
ness, 2 mm in width and 1 0 mm in length was prepared. 
The glass filter was cooled by liquid nitrogen, and an 
aqueous solution containing potassium ferricyanide as 
an electron mediator was then dropped on one tip end 
of the glass filter. This solution froze immediately after 
the dropping thereof and therefore did not disperse 
throughout the glass filter, since the glass filter had been 
cooled by the liquid nitrogen. 

[0078] Accordingly, the potassium ferricyanide solu- 
tion was dropped and allowed to pemrieate about 2 mm 
from the tip end of the glass filter. Thereafter, the glass 
filter was dried under reduced pressure for about 4 
hours in a freeze dryer. As a result, 0.33 ^mol of potas- 
sium ferricyanide was carried per 1 mm^ in the area of 
2 mm from the tip end of the glass filter. 
[0079] As Illustrated in FIG. 1 , the glass filter support- 
ing potassium ferricyanide In a portion thereof in the 
above-d scribed manner was adher d and fixed to the 
GOV r 9 as a carrier, in this process, the earner was dls- 
pos din such a manner that th end portion supporting 
potassium ferricyanide was brought in contact with the 
tip endofthesampi solution supply pathway. Then, this 
cover member and the base plate 1 were adhered under 
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the positional relation as shown by the dotted chain lines 
in FIG. 1 to form a biosensor. 

[0080] Herein , the depth of a slit 1 2 of the sample so- 
lution supply pathway was made 0.1 mm. 

5 [0081] 1 0 111 of a sample solution was supplied to the 
biosensor thus fomned from the other end of the earner 
13 not supporting potassium ferricyanide such that it 
was absorbed therefrom. As the sample solution, blood 
or a mixed solution prepared by adding blood corpuscle 

10 to a standard serum solution, which Is diluted while 
maintaining the osmotic pressure at a constant level, 
was used. 

[0082] As a result, before the blood corpuscle compo- 
nent of the sample solution reached the portion of the 

15 earner supporting potassium ferricyanide, the filtered 
liquid component of the sample solution dissolved po- 
tassium ferricyanide supported on the carrier and Invad- 
ed into the sample solution supply pathway from the 
sample solution supply port, so that the surface of the 

20 electrode system was filled with the sample solution. 
Three minutes after the supply of the sample solution, 
a pulse voltage of +0.5 V was applied to the measuring 
electrode in the anodic direction, using the counter elec- 
trode as a reference. Five seconds after this voltage ap- 

25 plication, the current value flowing between the meas- 
uring electrode and the counter electrode was meas- 
ured. 

[0083] As a result, the measured value showed a cur- 
rent response depending on the total cholesterol con- 
30 centration in the sample solution. 

Example 2 

[0084] In this example, a biosensor having the constl- 
35 tution shown In FIG. 4 was manufactured as described 
below. 

[0085] In the same manner as in Example 1 , a CMC 
layer 7 and a lecithin layer 1 7 were formed over the elec- 
trode system on the base plate 1 in FIG 1 . The lecithin 

40 layer 1 7 was formed also on an Inner surface of the cov- 
er constituting the sample solution supply pathway. 
[0086] Next, potassium ferricyanide. ChOx, ChE and 
TritonX-1 00 were allowed to be supported on a felt-form 
glass filter of 0.2 mm in thickness, 2 mm in width and 

45 4,5 mm in length. Herein, TritonX-1 00, which Is a sur- 
factant, was used in orderto Improve the activity of ChE. 
The supported amount of potassium ferricyanide was 
0.33 p.mol per 1 mm^ of the glass filter. The supported 
amount of ChOx was 0.1 unit per 1 mnn^ of the glass 

50 filter. Also, the supported amounts of ChE and TiitonX- 
100 were 1 unit and 0.15 mg, respectively. 
[0087] A woodworicing adhesive (the adhesive com- 
mercially available und r th trad nam of Cemedin 
C from Cemedlne Co., Ltd.) as an adheslv 1 4 was ap- 

55 plied to the inner surf ac ofth cover, to which the glass 
filer was then adher d and fixed as a carrier such that 
one tip end of the carrier was disposed at a position, 
which was 1 mm inner from the sample solution supply 
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port. As a result, a biosensor was produced so as to 
have a constitution that most of the carrier was exposed 
to outside of the sample solution supply pathway. 
[0088] A standard serum or a solution prepared by di- 
luting a standard serum with physiological saline was 
supplied as a sample solution to the biosensor thus pro- 
duced by introducing It to a portion of the carrier which 
was exposed to outside of the sample solution supply 
pathway. Then, the response value was measured in the 
same manner as in Example 1 . As a result, the meas- 
ured value showed a favorable current response de- 
pending on the total cholesterol concentration. In this 
example, the dissolution of the reagents in the carrier 
was excellent. Moreover, the invasion of the sample so- 
lution into the sample solution supply pathway was also 
very smooth. 

[0089] As described above, the present invention al- 
lows the sample solution to be introduced smoothly 
even when the amount of the sample solution is small 
and improves the dissolution of the reagents. Therefore, 
it is possible to make prompt quantification according to 
the present invention. 

[0090] Although the present invention has been de- 
scribed in terms of the presently prefen-ed embodi- 
ments, it Is to be understood that such disclosure is not 
to be interpreted as limiting. Various alterations and 
modifications will no doubt become apparent to those 
skilled in the art to which the present invention pertains, 
after having read the above disclosure. Accordingly, it 
is intended that the appended claims be interpreted as 
covering all alterations and modifications as fall within 
the true spirit and scope of the invention. 



4. The biosensor in accordance with any preceding 
claim, wherein said reaction reagent system con- 
tains an enzyme capable of hydrolyzing cholesterol 
ester. 

5 

5. The biosensor in accordance with claim 4, wherein 
said enzyme capable of hydrolyzing cholesterol es- 
ter is cholesterol esterase. 

10 6. The biosensor in accordance with claim 4 or 5, 
wherein said reaction reagent system contains a 
surfactant. 

7. The biosensor in accordance with any preceding 
15 claim, wherein said carrier is porous. 

8. The biosensor in accordance with claim 7, wherein 
said carrier is fibrous. 

20 



25 



30 



Claims ^ 

1- A biosensor comprising: an insulating base plate; 
an electrode system including at least a measuring 
electrode and a counter electrode fonned on said 
base plate; a cover member mounted on saki base 
plate to form a sample solution supply pathway for 
supplying a sample solution to said electrode sys- 
tem between said cover member and said base 
plate; a reaction reagent system Including at least 
an electron mediator and an oxidoreductase; and a 
carrier supporting at least the electron mediator or 
the oxidoreductase of said reaction reagent system, 
wherein said carrier is partially or wholly dis- 
posed outside said sample solution supply pathway. 

50 

2. The biosensor in accordance with claim 1 , wherein 
said carrier has a region supporting at least the 
electron m diator or the oxidor ductas disposed 
closer to said electrode system than a region sup- 
porting none of said reaction r agent system. ss 

3. The biosensor in accordance with claim 1 or 2, 
wherein said oxidoreductase Is cholesterol oxidase. 
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